MAPK pathways mediate hyperoxia-induced oncotic cell death in lung epithelial cells.
Cell injury and cell death of pulmonary epithelium plays an important role in the pathogenesis of acute lung injury in animals exposed to prolonged hyperoxia. The aim of this study was to decipher the molecular mechanisms modulating cell death induced by hyperoxia in lung epithelium. Cell death is thought to be either apoptotic, with shrinking phenotypes and activated caspases, or oncotic, with swelling organelles. Exposure to 95% O2 (hyperoxia) induced cell death of MLE-12 cells with cellular as well as nuclear swelling, cytosolic vacuolation, and loss of mitochondrial structure and enzyme function. Neither elevated caspase-3 activity nor phosphatidylserine translocation were detected, suggesting that in hyperoxia, MLE-12 cells die via oncosis rather than apoptosis. In addition, hyperoxia triggered a sustained activation of the transcription factor AP-1, as well as mitogen-activated protein kinase (MAPK) family members p38 and JNK. Importantly, survival of MLE-12 cells in hyperoxia was significantly enhanced when either AP-1, p38, or JNK activation was inhibited by either specific inhibitors or dominant negative DNA constructs, indicating that in lung epithelial cells hyperoxia induces a program-driven oncosis, involving AP-1, JNK, and p38 MAPK. Interestingly, hydrogen peroxide-induced oxidative apoptosis of MLE-12 cells, with a shrinking nuclear morphology and activated caspase-3 activity, is also mediated by AP-1, JNK, and p38. Therefore, our data indicate that although they have divergent downstream events, oxidative oncosis and apoptosis share upstream JNK/p38 and AP-1 pathways, which could be used as potential targets for reducing hyperoxic inflammatory lung injury.